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SECTION I
INTRODUCTION

Prcatirny Arsenal Researchk and Development (R&D) Studies to provide
improved 1gniter compositions as substitutes for black powder in artillery
primers led to the development of berite strands. Benite is essentially an
extruded form of black powder, containing the ingredients of black powder
(potassium nitrate, charcoal and sulfur) in a matrix of nitrccellulose. The
ratio of black powder ingredients to nitrocellu.ose 18 60:40.

Ber-te car be manufactured by a solvent extrus.on process, using
ce<entially the came mixing, extrusion and drying facilities employed 1n the
marutactire cf double and triple base cannon propellants, However, there ic
ore major difference. Because of the length of the strands -- 6 to 20 inches,
.eperdirg on the application -- use of cannon powder cutting equipment is

t feasible. Handling and cutting equipment develop2d for production of
R&D quantities constitutes a waste of materials and labor and is not con-
¢ dered s. table for scale-up to mass production. Ir addition, pu.assium
r.trate preparation is expensive because of the recrystallization step
bel eved necessary to yield a less hygroscopic product.

ir the product area. the effect of variables such as strand diameter,
mcistare and volatiles level, incorporation of rework. use of technical grade
potass.um nitv.ie inon-recrystallized) and variations i1n potassium nitrate
pzrticls .,ze nad not b~en determined. Only limited data was available on the

tersitivity and detenability of in-process benite.



This report covers the production engineering program to overcome
‘hese deficiencies 'n the manufacturing process and to obtain necessary data

to base a realistic acceptance specification for benite.



SECTION 1I
SUMMARY

Prodaction ergineering on benite was closely tied to produ~-tion because
of an urgent requirement that arose wken a benite-loaded primer was found
tu be essential for the successful performance of the 90mm T. 300 o .nd,
Tterefore, a first phasce of this program was slanted at solving immediate
prodaction probleme with riinimum modification to existing Ordnance facilities.
A cccend longer range cbjective was to evolve an optimum process for the
manufacture of benite

The 'most urgent problem was to develcp an accep:ance specificat:cn
practical for production use, since it was scon found that the R&D require-
ments which were necessarily based on limited manufacture were unsuited
for production It was necessary to relax the requirements for {a)} moisture
content (B} tctal volatiles and (c) the 134. 59C heat test. Satisfactory
ball. stics were used as the criteria for \ncreasing the allowable moisture
and volztile content and satistactory surveillance life, the crites.a for
permitting the reduced heat test requirement.

Other charges to the R&D specification {PA-PD-1741} included elimination
of the hygroscopicity and functioning tests, and the requirement for use of
reagenrt grade potassium nitrate. The resulting modified requirements are
contained in the current specification, MIL B-45451, 27 January 1960. The
use of techmcal grade notassium nitrate results in savings in raw material

costs of 2¢ cents per pound,



A product and process variables study was conducted to determine the
cffect of variables such as strand diameter, particle size of oxidizer,
addition of plasticizer, use of rework, use of alternate solvent and stabilizer,
and substitution of pyrocellulose for militarv blend nitrocellulose on the
processing and performance characteristics of benite. This study was based
on manufacture and testing of 15 pilot lots. It was found that (1} the function-
ng characteristics of benite are relatively insensitive to minor changes in
dimensions and formulation (2) the use of rework has no deleterious effect
on the performance characteristics of benite (3) substitution of ethyl acetate
tor diethyl ether in the solvent system improves processing characteristics
(4. direct substitution of diphenylamine for ethyl centralite improves the
chemical stability as measured by the short term heat tests.

The efficacy of the benite with the ethyl acetate solvents and the rework

1+ corfirmed in ballistic studies in the three-inch gun. Firings using these
¢xperimertal lots were conducted at -40°F, 70°F and 160°F. In addition,
t'rongs condncted using primers environmentally conditioned for four weelks
both at 170°F and 122°F and 95% relative humidity, gave completely
satisfactory results in regard to velocity dispersion, pressure uniformity,
rgmtion delay and smoothness of the pressure versus time trace.

In an effort to attain a more economical production process for benite

strands, pilot scale studies were conducted to determine the feasibility of

adapting the high capacity, autrmated equipment used in t% 2 food industry for



ke manufacture of spaghetti (long goods extruder and spreader). It was

found tkat pa=ticularly good flow characteristics could be achieved with

~-ulti-orif:ce plate extrusion (a 5} way die was used) using the ethyl acetate

solvates collo:d and that flow uniformity could be aclieved by incrementally

selecting and reamirg holes 11 the die breaker plate. Also, the ethyl acetate

colloided st-ards after draping on a dowe! hung straightzr and dried without
racking, warping or other deformation.

* 15 es.aomated tFat with multi-orifice extrision and spreading,
s1.bstanial labo: savings can he effected. At a prodiction »ate of 50, 000
pounds per montt, 1t shouli be possible to amortize the cost of this automated
equipment in about one to two montks,

Botl the fr.ctior pendulum and the deto..ation hazard /solvent wet material)
tests showed that benite reacts similarly to single base (M-10) propellant

and tt erefore may se considered a Class 2 explosive kaza-d when solvent wet.



SECTION Ii e T085

CONCLUEIONS “Iny

A res. =i - ac-cptance specification focr benite strands has beer prepared
based or lats frem bailistic tests i tre 90mm T300EZ3 zound
Te - .z grs7e potassium rivcate (¢ catisfactory for manuzacture of
berite Tre .ce ct1x < material provides 2 sagvings 1n the manufacturing cost
| ¢t sbout 27 ce-ts per pound.
Procescing intcrmation was develcped for use with convertic~z:l Ordnance
equipmernt  Tre na’or improverments now jrcCiporated n the Descript on of
| Mernufact re z-€ '2° t'e drying tempereture was increased to | 21 °F with
consequent redurt.cr in dryving time (b, the drving time on tre reeis was
\ rediced from 10 daye to 12 hours, and (¢! the incorporation of rework with
‘ a ovsegquent mprovement in vield from 45 ro 90% +.

Tre stzb .ty chzraiternistce ¢f benite -  as measured by the starcard
snort-term Fezt teste - - are rmprcved by the direct substirution of
d pherviamine tor e€thyl centralite in the forrmulation. If surve:llanze rteste
corfirm th.e firding the substitutior will be mzde.

The preceesing characteristice of benite sre 'mproved bv tie :se of an
ethv! acetate and alcohe! solvent system :r piace of the diethyl ther and
alzchnl system.

Tre jeas:bilitv of using a multi-orifice plate die in extrusicr of berite

Strands, anc dry:ng benite strands cr a dowel was demonstrated. This

~i




dicates that the use of automated high capacity equipment of the type found

n the food and plastics industries may be adapted to benite manufacture.
Prototype studies to establish a process with this equipment are now under-
way at Radford Arsenal.

Benite coiliod doce pot detonate under severe conditions of confinement

and theretore should be considered a Class 2 explosive hazard (fire hazard)

for extrusion,

The functioning characteristics of benite are relatively insensitive to

nnor charges i» dimensions and formulation.



SECTION IV

RECOMMENDATIONS




SECTION V

STUDY it
[
A S iies to Establish A Realistic Acceptarce Specificatior For
Benite Strands
The 1oms)l ~equiterrents for the h=pte st-avds atceptance
S} froation {MYLL B -4F4%5.) were necessarily, based orly on a Ilmited arnount

o emizal and phsical test data. Fellowirg rhe sta~s of preduction at
Proatinng, 1t became evident has scme of the :equirements were unrealistic
and thz* spe 1fizabion revisions wa .13 he r&:;qu “¢d for ecorom. o rodnction.
Neoessar, revisiors were effected as the resclt o1 the work J stussed

wlow Table 1),

! Total Volatiltes (T.V | and Totsl Moisture (T.M.)

The init1al Picat.nny prodi.tion lot of bemte (PA-E-29139), made
siv, the same p-oc.2<s emplosed bty R&D, faled to meet specification

#quirements fcr rotal volatiles and total mo:stvre, stown in these examples,

Spec_ PA-PD.174! PA-E-29139
T V., % max. 0.75 2o i
T M, % max 0.50 0.4%

To determine whether the spec:fication requirercents could be
relaxed to permit acceptance of this lot, 2 se-ies of tes's were conduuted in
tt.e 90mm gun with the T300E53 round to compare the performanze of Lot

PA-E-29139 with a lot of benite us22 %y R&D in Jevelopment of the rourd,



Test results summarized in Table 2, Series I of Appendix A, showed
no significant difference between the two lots in velocity, velocity dispersion,
maximum pressure, and maximum pressure dispersion, It is noted that the

rings were performed at -40°F, which represents the most severe test for
the propellant ignition system. The ballistic acceptability of the initial pro-
duction lot was further confirmed by the results of instrumented static firings
n the XM-79 primer (1lable 3 Appendix A).

Following this imitial work, it was desirable to further evaluate

the effects of T. V. and T. M. content on benite performance, to estab'ish
mts which could be met without extended drying cycles. This would preclude

the necessity for redrying of benite at the loading plant, as is sometimes
required with black powder. To accomplish this, a sample of benite (solvent
wet strands) was taken from a production mix (lot PA-E-29796) and subjected
to thys treatment:

a. Storage for three days at room temperature.

b. Exposure to an environment of 95% relative humidity
and a temperature of 100°F for six hours.

The T. V. and T. M. of the benite at the end of this time was 2.96%
and 1.5% respectively, Then the benite was loaded into XM79 primers, with
care taken to minimize the loss of volatiles and moisture. For comparison
purposes, a second set of primers was loaded with benite representing the

first production lot manufactured by Radford Arsenal. The T.V. and T.M. of




i

e Raifc:d 1ot was 2.04% and 0.68% respectively. This Was dore to serve a

e »V‘ A 5 /
evaluate the effects of "uigh' T.V. and T.M.'%42) evaluate
g2

- /

tso-fold purpose: (1)

tre porfermance of the first benite made at Radfcrd Arsenal. The tests per-

. o o
forme=1 in-liiad both inst-umented static primer firings at 160 F, "0°F 2nd

2] . ; o . O

#eUF nd gon firings with the T300E:3 rcund at 70 F and -407F.

Tie p-oimer firings showed that the high T.Y. material functioned
fa :toril,, without au, Wanefires or excessive ign:tion delays at -65°F
2 : : 3 1 0© o
_Table *, Appenix A In the case of the Radfcrd lot, the 160 F 3nd /v
v [ -
fivings gave reo-omal results. However, at ALF, ove pelmer gave an
excessive igritior delay greater thar 37 m:llisesonds, while two other piirners
cave Yighe- than average ignition delays. Typisa! static firing traces fo- the
+v0 10ts ara shown at *he t.ree conditioning temperat. s in Figures 2-4
'Apperndix A}

Tre firings in the 90mm gun (Table 2, Appendix A) showed that the

E RO 1 )
. . . 3 . °

bigh T.V benite precduced an increase ir veleuity dispersion at -40 F. buat
otherwise provifead satisfactory ignimior and functivnirg of the “ound, == can
he sean from typical p-t traces for the series Fig.re 1, Appendix A,

Tre Radfcrd lot also gave good igrition &8 evidarcead by the p-f traces,
Nt the delay times were approximately fwice tha: of the high T.V. lo2, (32.2
vers. s .7.4 milliseconds), confirming the bekavior ir. the primer firings. It
: . Opv & .22 =
is roted *hat the average value obtained by R&D for -40 F ignition lag was 14.53
milliseconds. Tre higher ignition lag of *%e Rzadford material did not appear tc

cause any deletarious effect. (Since these *ests were run, studies perfcrmed

A3




vith XM79 and XMRO benite primers have shown that ignition delay and
hanglire terdercies can be markedly reduced, and uniformity can be improved
by a change to 1he primer head design. This clange consists of putting o
tmall (three gr: r Blok powder beaster charge in line waith the initiator
clement 1o provide 5 <tronger tlame at the ends of the strands. Since there
appears to be variation n the igmitibihty of different lots of benmte, the black
powrder booster el mimates the slow or margnal ignition which is occasionally
encountered. A <eparate report overing this work 1s being prepared.)
Croue de-img the above data, it was determined that the limit for T. V.

should be cet at 7. ¢2% maa., 2m4 1 0% max. for T. M. These limits removed
thie problem of lorg drying times, yet provided an adequate margin of safety
to incure sat:sfactory itermn pertcrmarnce. [t should not be necessary to redry
thi¢ material at the icading plants beca.se of the relatively low hygroscopicity
of bemte
e HigtaRcopicity

The n tial specification requiremeunt ¢f hygroscopicity (1. 2% inax.)
wage considered a means for assuring that any slight impurity 1n the raw
mater:als, particularly the potossium nitrate, would not increase the
hygroscopiiity beyord the R&D program J¢vel. In this regard, R&D specified
that potassium »itrate used in berite be recrystallized, This was based on
prior work with pyrotechnmic compositions wn which recrystallization was used

to reduce the sodium content ‘mpurity, which has an affinity for moisture.



- <vi . zed miater al or the equivslent reagent grade, costs
Lout 3% erte per poi-d more than the tesanital grade, tests were con-

betrer the sadea ccst was justified.

B U
S wed that recrysrzliozztion reduced the sodium cantent
e e toseiuranicrate froem 0 VA% 0 19% )= the max. allowed
b < tev AL P 2560 10 0 0% with 3 recultart decrease in kygre-
scop ( 0 7Z%7tc 0.23%. {Takle » Avpendix A.. The ettect of this
ferer.ce Fenite kogroscoprcity azc evzluzred by compar ng hygro-
seop €c 71 r -1t en lote of berive mage with recrverallized potasvium
trats e erel plot batches wh oh were prepared using techrical grade
pciasssum n trzte, From the data, surmmzrized :n Tzble 5; Apperdxx A, 't
a7 be seer 1rat Lew of technical grade potessium nitrate increases the

0.13%. Frcm 2 pradtical standpoint this d fierence

-

cred to be significant. Fu ballicstic tests made vath

riter,
Ler te prepare. with tecknicszy grade potac<ium rn trate showed that perfcrmance

¢ mot zuverse.y zifected even after ez vircrvnental condincning (Table 4,

Apperdix E'. Bacecd crn th's, the reguiremer: for uce of recrvstaliized or
J€ag€rt grade PCtiSsilrm MilTate and thée reéqui fement 10T AygrIstopicity was

s

deleted from tre spe-.fication, Trous res:lted im a saving of 20 cents per

rd in the zcst of ‘manufactur ng benrite.

Foan

Stability

Scon zfter ber te preduct:on was started, ! was found that the 134, 5°C
neat vecr rec resent of 40 minutes ‘tre same as ie rrquired fo:r single base

15




propella~ts could not be consistently met, as the actual values obtained

rarced from 35 45 mirutee (Table 6 Apperdix A’ A study was made to .

Clermane fhe stal Lty craracteristics of benite by other rapid methods, as

ac the h5.5 and #0°C surveiilarce tests,

Wtk regard e thc latier, = ca-aple of bente {lot PA-E-26467)
pla ed in corveillzrce during the Rad) program had not produced red fumes
ter 18 smombs ot X0 G, Thos <3mple w=¢ removed from surveillarce and

tested tor ava l:b ¢ stabilizer. The ethyl c:ntralite conteut was found to be

.1l et cwed ro vicual evidence ot

complete depieted, Fowever, the mater
physical deter craticr, Sv-e tre normal #0°C sorveillance tivac for single
s¢ propcliarte e approximately 12 meorths, the chemical stability of benite
‘as coneidered €2ivalent or even somewhat superior to single base pro-
¢olara

A camplect PA-E 26467 put into 65. 5°C surveillance 1» March 1958
as 7 Ct rcacnedl an end point at the tirne cf this writing.

Datz cktu.med with various lote of benite using other short term
stab Dity teets ccvered crder the Sectier on Product and Process Variables
St.1es [the 120°C reat. 90°C and 100°C vacaum stability, axd 110°C Taliani)
crowed tris material to have somewhat better stability than dcuble base pro-

pellants. Sirce benite 1s rerther & singie nor a double base propeliant by

cornventicna: defintion, 't was cornsidered that surveillance data ‘~ould give

the best indicaticn of storage potertial. The 134, 5°C heat test requirement



A t'crefore changed 1o 45 minutes to include the low end of the normal
vl ctab, bty test values for this *naterial.
Vo Sprati. Grawmty
The rr4) specitic gravity requorement of 1.7 1 0.2 was fourd to be
Lrcotest a1 e .s<ar sirce the val_es cbtaired with the tir«t 12 production
{cts tel nitre rarge 1.57 to 1. 68 gms/ml (Table 6, Appendix A). The
req..vemert wee chasged acocrdinglv to 1.65 1 0.15 gms/m!.
& F.nstiox ~g Test
Trhe forotcrir g test was oy ded . the orginal specrircation as a
pre L Crar o reas .T€ S,ml€ LFeEre wes 'tie data on the lot-te lot functioning
cnars terstics of berite at the tempe rature exireme 1 -65°F and +160°F).
Tre ressrement whick called for firmg 15 prumers each at 65°F and +160°F
av vepeit,rs the proer tubes tor evidence of rupture, was dropped after
¢ k nzoottre firet 12 lots and notirg no evidence of rupture. Tras was
cuppcrted by the fact trat inetramented static primer firings demonstrated
thar the ™ax. prese .re developed was well belc the hydrostatic test
prescure (.5 000 pc.rds per square :rch) of the primer body. Also. coverage
notrs 2rea was provi.ded by arclud.ng & furchicning test in the acceptarnce
spe:nicatcr for loaded primers.,

B. Prod.tt ard Piocess Variakles Study

!. Fifteen 15 . pound batches of Lamte were prepared to study the
eilect or perfcrmarce ard processing characteristics of these variables:
3 5e ct technical grade potassium nmitrate (MIL-P -156).

17



L. Use =r renork

€ Use 72 an alternate solvert sysrtem.

1 Strar) grameter 20% cver and 20% under nom nzl.
co ol alterrate stakilizer,
s v gle bhase plasviarzer,

I < «f carbor blacy 1nevead of charcoal.

r Lec ot prrocellulose 1rstead of military blend N/C.

G oorges or particle s12e of potassium nitrate.

Chaxges tn mixing procedure,

¢ nopere.:ilre precedare Lsed to manufacture the bexnite strands

tact of these tosr batches followed  Picatinny Description of Manufacture

#15 4 %5 [Retererce 2.

3. 'lne rce.tary <trards were sukjecred to chemical and physical

teste arc tre stat.o uctionitg chara“terictice evaluated by instrumented

Tre res 4lte of trese tests which are contained in

Tak.es 1 4 of Appera'x A are d.sc:25¢a be.ow:

a. Frcressing Character.sr. s

Since product.cn. dithcuit'es were being experienced in

obtarring ur:tormm estrus.on rates thrc.glr sll dies and in handling the solvent

ver strands witkour bresking, mixes EP-3 through EP-6 (Table 1, Appendix B)

A

prepared (¢ stuay the etfect ct add.ng plasticizers such ag DNT and DBP

tc the matr.x, ardn subhstituting pvrocelluicse for gun cotton. It was found



trat 2 =« ght mpcc ement in green strengtk was obtained 1n mixes EP-3 and
EP 5 Hewever, w'th EP-4 and EP--6 Iittle, if any, improvement was noted.
The mest e1gn fcant improvement was obtained with EP-14, in which ethyl
aetare was s.ber tuted for diethyl ether as the colloiding solvent, and
Lprer,iam e Lrectly substituted for etnyl centralite as the stablizer.

Th < latrer charge was not considered to have an effect on processability. )
Tre extr <ion .mformuty and .reen strength of EP-14 were noticeably

c.per crac tre other 14 batches, probably due to the reduced in-process
<7lvent logee ard e rface hardening experienced with the less volatile ethyl

(late
b.  Phye:cal Properties
Teasrle tests were performed 1n accordance with specification

{ I-19"F Mctho! Nc 5100, except that the gage length was set at two
rcres. Valuec fcr tencile strength ard elongation ranged from 3320 to 4930
peande per ¢cizrench, and 1.9% to 5.2% respectively, with the highest

alve tor tens.le strergth being obtained tor Lot EP-14. In gznerasl, the
add:tren of plastisizers and other formulation changes had a very slight effect
cr tre prye cal strength of the strand, However, in the case of Lot EP-2 -~
writr wae prepared uging coarse potassium nitrate - - a significant reduction
ir. 1te tersile strength was obtained. This indicated that control of potassium
v lrate part.i.e size was an important factor in obtaining good physical

prcpert'es. .r this conrection, the benite specification required that the

19



potass am nitrate be pround tc an average particle diameter of J0 to 30
rons
Cfemifal Properiles
Tre =tab ity of berte was thoroughly investigated in con-
vectiem woth ate g0 optar ¢ spec boation ctudies (Section V, Part A).
Usirg these resats as the standard ¢omparison data were obtained for

e experimenial ots BP9, 74 501 16 (EP-16 was a repl cate of EP-

14 The roe s (Tabic 2, Appendix B, show that tha ethyl acetate colleided

benite - wsomp 4 pter clommore 1metead cf ethyl centralite as the stabilizer
‘EP-1 ¥ ' nf o el stabid oty as mese.red by the 90°C vacaum

5O _
Srabd ty O C Ta' ar ard 120 C Heat Tests. Other data shows

diplenylamirc <tab n17zer 1o be saperior to ethyl centralite with the 134. 5°¢
teat teste ITobie 0 Appendix B). Five out of s:x lots containing DPA
gave calmir p.ok “atces of 50 + murites {one lot, EP 1%, where carbon
black was e bet roted tor charcoal as another change, gave 45 minutes to
gimen pimk ava explidedn less trar 300 munutes), while seven out of
erght lote corta =g E7 stab'lizer gave values of less than 50 minutes,
Both €5, 5(.C ard 80°C <.irve:liance tests for the experi
mertal [ots iroolviry cecmposition variatiors were still underway at the
time Cf thys report

il Se-ec v vty Characterist.cs

P:icatinry Drop Test sens ity values ranged from seven

to 10 yrches for star dard formulation benite, and from eight to 11 inches

L0



with the modified formulations. The 1] inch values were obtained with the
plasticized and the pyrocellulose su%stituted formulations. Again, the
variables selected were shown to be relatively insensitive to the standard
teste. The friction pendulum test was run on the standard formulation benite
onlv. In ezch .nstance snaps, but no sparks, burning, or detonation with the
steel shoe was repcrted. This test is described in Picatinny Arsenal Testing
Manual 7-1.

4. Benite from the experimental lots EP-1 thru EP-15 was
static-tested im primers to determine the changes produced by the =ffect of
formulatior, strand diameter, etc., on the ballistics, The firings were
randomized and included seventeen groups, six primers per group, three
primers each, conditioned at -65°F and 70°F respectively, Lot EP-11B,
made in accordance with the specification, was the standard, with Lot
EP-1'A ard EP-11C, containing strands 20% undersize and oversize in
diameter respectively, making up the additional groups. The data from
these t rings tabulatea in Table 4, Appendix B, indicate:

a. The modified formulation EP-14 with DPA used instead
of E. C. as the stabilizer, and ethyl acetate used in place of diethyl ether
gave the most desirable primer functioning characteristics -- (1) low
ignition delay with high maximum pressures (2) higher maximum pressures
at 70°F than at -65°F.

b. Use of rework has no deleterious effect on primer

functioning.

21



lLee cf coarse, 60 80 ¢k, potassiumn mirale gives

g g or Jdetays and Jow maximL.m pressures,

Use of carbon black instead of charcoal gives long

grit or delacs and low MmaXimum pressgures,

A tion ot ingle bace plasticizer dibutylphthalate and

t

“dntrotcluere gives 1ing 1gtion delays and low maximum pressores.

©  Fooow orp tlne pretmirary screening,a second group of

MoZ8BY primiers viere Joaded with 'a' the modified berite EP-14 (b} ‘he

reccrk benste EP Yo o' ke R&D standard benite PAE-282)3, This second

ppocac asweakled into three-inch tzet rounds for evaluation in gun

frirgs 1« was wore to prove out the ballistic acceptability of the two

et b et ons of grestecr paotentiat varce, Tre firings in the three-inch gun

vere o crgerc 1T proooe a severe tesr of the performance characteristics

trhe her 1o tor tre tolowarg reascre:

["¢ cartridge case was arcrimped. providing a minimal

: ot puali ¥

b. ™M 17 precpellart, for whick fow temperatire 1gmtion

S EUTENNIN €6, WwaAS LEE

-
i.

A kadly worn gun tube with a history ot more than 2, 000

Pre.iCas 5 rirgs &ac 4%€d,

£, Tte series included fririrg of temperature conditioned rounds

o l G : .
at 40 F  +70 F a~d 4160 F. Thic was later s.pplemented with 70°F firings



of rounds containing environmentally conditioned primers. The latter were
conditioned by being subjected for 28 days to a temperature of +1700F, or
a humidity of +122°F and 90% R. H.,

7. The results of this ballistic test are in Table 4, Appendix B.
The summary follows:

a. All of the experimental benite primers performed
satisfactorily following temperature or environmental conditioning. All
velocity dispersions were less than 100 feet per second: ignition delays
were less than 40 milliseconds and shape of the pressure versus time
traces showed smooth rise curves (Figure 2, Appendix D).

b. Ir general, the values for ignition delay were shortest
for the R&D benite and longest for the ethyl acetate - DPA benite, EP-14.

¢. In general, the velocity dispersions were lowest for
the R&D benite primed rounds and of approximately the same magnitude
for the two experimental benite primed rounds.

d. Performance of all three lots with respect to average
velocity and dispersion were ccmparable at -40°F. the most critical
condition.

Based on the above, it was concluded that (1) use of rework and
(2) use of ethyl acetate, instead of diethyl ether as the colloiding solvent
in the manufacture of benite, caused no significant changes in the func-

tioning characteristics and was an acceptable practice for production.
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N Do cop Aot of anoomproves Pro o es: for Mass Proiluction of

B« 1e St 1e

Atho_¢ bente strarde are mi~_tactured by essentially the

Ctedtr b IR J1 hasC canror prepelarts, iabor Josts are cor-
o (et ab. 4 ~ res o te fro n the faot that the hire diameter benite
e byl g crey gkt ordry cg éerd trer be utanto 1:v shed lengths
IR’ 0+ ey perd rg ontre promer Witk ,ee ot Ccorventional ex-

toe s gred powder distribatcrs tre ctrands are coiled v tuks as

Vo g hdn e 0 poes oot erognikiy e el pornigidity owiv g e selvery
PG rwl U0« reL ves thgt cack ct the lirp preen Stracds te hung or

e TR e e en solvent rvope tates Lo stifteqa it labout ore

b AT t < oottty rough lengthe for final drying. After drying,
L@ £1r . “tte o vre reaanred lergth, Sonce existing kigh speed cannon
prasder ©tre e s t «.tshie for ertrer ~he greern or finayl cotting operations,

aproooscr L L v, pmect and aesciiated handling operatizns result in

S e vt a2 uameter of berte srzarvds arc very simular to
troce Chospcchern sopronact marstsitured st a very low cost), a visit was
M3 @ sPzgritt plamt 1o witress tre proonse.ng techrig.es and equip
aent Leed, 1 owac ‘¢ v that the operat:cre of extrusion and preliminary
Lothing are pertesme s or p connrucus basis ueirg 2 machine calied 5 jong

goods epreatert. Tre rmux dough wrick e prepared continuously) is fed by

a screw feeder 1o ¢ manifold cf the ! ing pcods spreader to which is



bolted a s mple, rectangular plate die containing approximately 2,000
orifices. Strands are continuously extruded througii each of the orifices.
"Extru¢)on pressures are approximately 2, 000 pounds per square inch

and are controiled by arying screw speed ard feed rate.) Severing strands
from the teomt and back bank of orifices {2 twc-stick machine) on the die
black is ccnrrolied by a timing device which intermittently actuates first
the tront ani ther the back strand knife. Each time a rod 1s simultaneously
praced 1n position to catch the accumulated strands for a preset extrusion
per.ol. Each rol, which is 54 inches long, hcids 1,000 strands {Figure 2,
Arpernd x C'. The timer is set s0 that all strands on the rod will be full
length or lorger before trimming through the action of a continuously
reciprocating sickle bar cutter. The trimmed strand ends from the faster
ronring dies ire dropped to a conveycr and returned for remixing by a
blower ir the left fcreground (Figure 2, Appendix C).

A typical two-stick production machine has a cycle time of 50 seconds,
with each cvele vielding 2,000 strands, about 40 inches long. This is
equivalent to 900-1, 000 pounds of product per hour.

The rods are ranually loaded onto a trarsfer buggy(about 100 rods
per buggy). ard wheeled into an oven for drying. After drying, the transfer
buggy i¢ wheeled to a final cutter. The rods, containing 1, 000 strands each,
are fed ore at a tirne to the cutter whick first removes the rod, next cuts
the turns and then by means of three rotary split disc cutters mounted on a

single shaft, cuts the strands to the required length while conveying them to
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Pectre se o the ahove type of equpment (with necessary safety
tooat : IR T ~1 operations' cculd provide very substantial labor
ol b t. ture of bente, a plst scale investigation was under-
todererot 0 s crber iy processing characteristics of benite lends

¢l o tr & e ip ™ Ihrcc factors were considered critical in demon-

¢ tuvr < collaid must be capakle of satisfactory ex-

DRTPIS fhee B - v'hoce plate type die.
b W o oped over o rod, the green strands must not curl
vrode! il =~ W T
S o oextrusron of benite colloid must not involve an

ndue satety Fard
FMd reéchte v & studies performed in each of these areas i«
d scussed rotre follow ng sections:

14 Mot i s Plate Die Extrusion Studics

Tht o2 ritic e extrusion studies were performed orn a four-
el vert car Logs . prese Fellowing discassions with spaghetti equipment
nd plate e ma .tadctorers, a 51 onfice plate die assembly and adapter

for the Logar pross was des.grnea ard tabricated {(Figure 3, Appendix C}.
[he m:jor teast.res o1 thos design are:
“f¢ ¢l & breaker plate located directly above the plate

die corte.mng inree rows of tapered holes, 17 holes per row, to correspond



with the Fore patters. nibe plate die, to break up and spread the flow from
the d «trib tor rmar foid.

b Piycement of the hole pattern ip the plate die so that
the sfrarde, a‘ter ¢.t1 rg from the press, can be picked up and draped
cver a dowel withour cverlapping.

To cvaluste the tlow umformity trom the die, the length of the
strav-ds trom es o+ <f the three rows of hoies - - designated A and C for the
outer rcwe  -=1 B for the center row -~ was measured for each run and a

percent viewd aiz.tzetiFigure 4 Appendix C). This forraula wes used:

-, Tative Leroth of 17 As, inch .
S prgincw) @ | CATsi e g ofl ptanis) incles |
17x Dostar-efromDie exittofloor, inches

To pror.ae a common bas's for comparison, the run was stopped
aiter three strareds reached the floor. Ar _deai overall yield of 100% would
ccear it €acr o1 the 51 strands reached the tlcor samultaneously, Figure 5
Appendix C staie thes 100% yield or perfect extrusion,

!t cav be zeer from the dara that tre cverall yields in the initial
runs, Modif.cst:om 1 ‘Table !, Appendix C' ranuged from 39 to 55%, with
the lowesi per row vields coming from the center row, Row B Figure 6.
Appendix C ), Extrusicn pressure alsc was <een to be a factor, since
lower:ng the prescure from 750 pourds per square inck gauge 1n Extrusion

2 to 650 pourds per square inch gauge in Extrusion 3 caused the overall

yield 1o drop from %4 to 39%,.
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[~ mpie « vne yield from the center row, cach of the 17 holes in
Row Js a1 tve brezker plate was opened from . 185 inch to . 205 inch 5

NMaodrlic g ’ Th.s was found to produce an increase in the centev row

¢! and prov ded oversll yields in Extrusions 10-13 of 54-61%. The

1¢ variat of bt oeon succeedirg rans is attributed to non-reproducible
through pat troonthe individual dies due to intermittent pressure surges

cath the ran press,

Berntc t~d prenared w:th an ethyl acetate sclvent system was
cccd nallthe extrusions except Extrusion 14, where the standard diethy!
cther abcehor covte 3 was used. This extrusion, which was performed with
e Mod'ticat'orn 20 gave a yield of only 46%. This confirmed the results of

work with ccnventioral extrusions reported in Section B of the Study which
showed that tre see cf ethyl acetate in place of diethyl ether provided a
marke ! ompr. c¢oaestan the processing characteristics of the colloid,

Since pirt of the problem :n achieving high yields was believed to
Fe onthe distr'E .t on section, the thrcat openings into the manifold were
increcased ‘r. .z eter by 50% (Modification 3). As seen from the data on
extr,<icnme 1h 1% tric resulted in an increase in overall yield of from 71
to 0% ar~ pro oaed essentially equal yields with all three rows, Further
mod fications "% ard 5 to the breaker plate Lole pattern were ineffective
In 1ncreasing ;€ld, on the contrary, reductions in yield for the last

extrusior.s were roted,
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Theraetfore, 11 w33 Loncliudad that the multi-orifize olate die
ext 1ston of meecte mas tectricslly feasible, ard that by optimizing die
desigr and ext- . s10r copditiors. overall v:elds of R0% or tigher could ke
3 Voeyed) witd g Joma pcode 2ot ovde ard spcesder. Trese vields are con-
trgent on se e w @t sior wrd 10e Lomparanie te those achieved in the
mar faro~e of spaghes,

? o ReiDzging St dies

7= suzzessf ? Lse of along goods spreader requires that

the yoeer strorls Te jraved ovec s osmall Liameter rod and thein dried

witho s deformiry v bver segiires et e strias have sufficient green

strevatt 1o be drane ! ov 5 oi witieut eracking and hreaking at the bend,
F-orm. =1+ of [%rmives vaje rder the Process and Pro-~

Tt Mo iakles St o7 dise seed » 8¢ tor 3, clas was done:

w. Tre s1-371¢ from ‘te extrsion were collected in
t ks after whic the . ge-e 1mw.2iatel - <utirto rough 40-inch lengths and
Craped Gu TR oLl vooeder dowels

h The extrision vis intermitiently performed so nat
as ea’k strard rez-ted the floor the peess was stopped and the strands
were cut from tre press, a=d drape:ove- a [ /8 inch wooden dowel.
L oan be seev foom the preotograpts (Figures 7-11) that the
s'-ands whict were ciled ‘rte 'he 1bs des:gnated by x) had after only a

few minutes take: on sufficre~t set so thst thay ware curled and deformed

- LA T TS vy
< . ‘
..
.~
LS )
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ter drying The strards which were cut from the press (designated by S)
t having been covled {(Figures 8-14) dried into straight lengths.
» repatd to the strength of the strands, this varied from

Xt . It can be ccenin Figure 7, 14 and 15 of Appendix C, that the

x EP- 1% prepared using ethyl acetate i1n place of diethyl ether in the
solvent svetem, showed no evidence of cracking at the bend and exhibited
phivercal “hars ter ¢t v ¢ which would be satisfactory for rod drying. As
seen from the dztz 'n Table 2, Appendix C ethyl acetate compares
tavorably wth 1i¢ common solvents used in propellant manufacture {ron:
the standpoimr o4 gratebility, toxicity and explosive limits.

+  .mprovements with Batch Type Process

Tte cx.sting Picatinny batch type manufacturing process
Floweheet Figure 16, Appendix C) was scaled up for high capacity

preduaction at nemirs: manufacturing cost with "proveout!" and incorporation
of these improvements:

2. The drying time was reduced from 10 to 6. 5 days by
mcreasing the dry:ng temperature from 104°F to 1310F.

b. The capacity of the facility was increased 13 fold by
reducing the 1yme on the strand drying reels to 12 hours,

¢. fafety and economy was improved in the cutting
ocperation by uniliz ng a Diamond Paper Cutter (formerly used for wafering

solventless dcuble base propellant) via design and installation of indexing



blocks ard scatter guards. The change permitted going from a shielded
paper cutter operation working with 1/10 pound quantities to a remote
peratior werking with two pound quantities.
4  The incorporation cf rework improved the raw materials
atrhization trem 4% 1¢ 90% +.

5. Detonatien Hazards Studies

To av<ess the detonability of benite colloid, a series of pipe
delonaticn tests were performed using a test set-up which has been
develeped at P.oatinny for thie purpose. Colloid in crumb forin as taken
trom the mixer as well as consolidated blocks, was subjected to tests,
Wer sand was used as inert simulant and M10 colloid as a control.

It can be seen from the drawing, (Figure 18, Appendix C)
ara the phetograph, (Figure 19, Appendix C} that the test material is
inniated by a relatively heavy charge (J-2 Engineer Blasting Cap and . 47
pounds of Tetryl) urder conditions of severe confinement. The major
criter on ir secess.ng the results is the amount of indentation produced in
the one<nch m:ld steel witness plate located approximately three charge
diameters from the initiating explosive. Other data collected is the weight
of uncens.med material. and the number and size of the pipe fragments,

Tests results are summarized in Table 7 and photcgraph
Figures 20-26¢ (Appendix C). The photographs and data indicate that

consolidated blocks of both benite and M-10 colloid behaved similarly, being
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(A «.r1ed and producing no evidence of dctonation. However,

e <0 be «cre completely consumed for both M10 and benite. In
< ol L e 'z5 ok indentation is viewed to be evidence of a low
o s detor avecr ard duplicates almost exactly the value obtained for Mé
vl roa test sores previonsiy reported (Reference 3). For comparison
Lee ThL sa? i data from this test and previous test series with
- -
Jus prope Liarte e pven below:
Evplosive
Witness Plate Hozard
Bropailant Indentation, 1n Ciassification
dln i bDoabie Basc S0 cntless) Complete shattering 9
AMLS tciloard 0.532 9
1o coilo 0.117 2
M0 colio 0 2
IS 2 K 1o €rergy
nrecpicra notrate
crapie tel 0.123 2(Recommended)
Lienite 0.125

Fsice i or rie above comparison benite colloid appears no more

sonsitov e 1 ton than single base or low ¢nergy con.jn=ite propellants
and conbe crsoderedas 3 Ciass 2 material during extrusion,
& Ecorc o Aratys:s of Propssed Production Engineered Process
A il Lostaralys e was made for the manufacture of benite

<trands at the rate o1 50 000 poands per month by (1} scale up of the
current R&D precess and (2] a proposed productiou engineered process
bascd on spaghe’t. 1vpe processing techniques involving continuous extrusion

thru a plate ¢ue long poods Lpreader combination. and final cutting by means

4



of 4 rotary split disc cutter. Flowsheets for the R&D ard Production
Engireered Processes are tn Figure 16 and 17 respectively {Appendix C).
A breakdown of manufacturing costs for the two processes, as
well as a cost cstimate for the proposed spaghetti tvpe equipment are con-
tained 1n Tables 2-6, Appendix C. The analysis is summarized below:

Prod. Engr'd

R&D Process Process
Mat'] costs/100 lbs, $ 70.84 $ 64.00
M hrs/100 lbs. 21.28 7. 84
Total mill cost/100 lbs. 227.78 121, 82
Amortization Period 1.1 months

It can be secn from these results that a savings in manufacturing
cets of $106 per 100 pounds is projected by using the proposed production
cngineering process -- which at a rate of 50, 000 pounds per month would

permit a payout period for the prototype equipment of 1. 1 months.
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TABLE 1

REVISIONS EFFECTED TO BENITE SPECIFICATION REQUIREMENTS

LEST

I'otal Moisture
Total Volatiles
Specific Gravity
Hygroscopicity

Functioning

Porassium Nitrate
Ingredient

134.5°C Heat Test
(Time for Methyl
Violet Test Paper

I'o Change to Salmon
Pink)

Straightness
«5¢C + 20 Grain
Bundle)

PA.PD-174)
19 April 1959)
0.5%

0.75%
1.7+0.2

'.9% Max.

Fire l5ea. at

-65°F and +160°F

Recrystallize or

Reagent Grade

Not Less Than
40 Min.

Thru 0.420"D
Ring Gage

MIL-P-45451

(27 Jan 1960)

1.0%

2.25%
1.65+ .15
Eliminated
E'iminated
Commercial
Grade

Not Less Than
35 Min.

Thru 0,413"D
Ring Gage



sem Surtzaquiey) Suiduiad Aaedy 0] anp Unom 3] JE pauliojap afam sa8ed alprnged [aas ayl (2

YOorD 313M (dA0(E UMOYS) SI1IIS OM) ay) ‘s 111] puncd oDoljeziplepuE)s pue Surmiaes ay) fumorod (1

~dwtad ayy Jo JAPINUIYS 3, WLI) [ePw jo Surpurid aumyaew ErA paaatgoe

Jopao Suppeuiaje ur pady)

‘4LON

*paa1} A1snotaaad spunox (g Sa113g) g6 Pue (1 SI1I3S) 6% WA (ES8Ys QNI L80T "ON 6£TL ‘UnD WwiQg - IIIYIA

Ggee 6°6
L8y [ArAN
£°6¢ boLl
[uruonaung Az19Q
1e10L uonudy

("sw) yuswaryg awny

(sureas ggg - anuaq) 1IGL-WX - Jswrrg

¥4

14 ¥2L - ase)

('sqI 1°$2 "W) cCZN - amdaload

‘Z0 § ‘qi8 “mn 34D (‘"d'IW .18%0°0 434) $G909+ AVYH LI-W - ueriadoid

*Sq1 000S TInd 391Inq 0] sqels 1 paduriad qeis-punoy £¢ I 00¢lL - punoy

001 002 00009
ocy 0ove  0961S

ogo1 00LZ  00zZgS

6Ly oo¥e ------

oLy 00€T ~------

‘syadsygy  aden
A 0 d°H
‘IS

00V 6%

(ISd) "ssaad "¥eW

1°22 £¢ 690%
[174) ZEEE A A ¢ i34 206¢
0919% 1°6¢C L 226¢
001%%y 8°CI ob 2268
ooLYYy G'el 114 L26¢
aden -aad

rcxadsig Say
‘PIS

(*29s/13) ANDOI3A “JISUL

ST 96°C
gs’o 981

S'1 96°2

€v°0 6571

G8'0 112

) )
NL AL

ANNOY (wwog) €6300EL “6L-IWX “"TVIHILVIN HILINOI ILINIFG
SITILVTOA ANV JFHNLSION HOIH HLLW SLTNS3Y ONIUIA

¢ dT1dV.L

oL € 96L623vd
ov- 9 HIg-¥Savd
ov- v 96L623Vd
11 SAM¥aAS
ov- 01 €0.823Vd
ov- 6 6£1623Vd
" 1s3daas
J. dway (1)
Suwonytpuo) -spy 1 "ON o1

punoy JO "ON



TABLE &

RESULTS OF STATIC FIRINGS IN THE XM - 79E1 PRIMERS

Benite  Condition- ' ¢ Max. Press. Ignition Delay, ms. Burning
Lot No. g Temp. TV TM PSIG 1st Flash Last Flash Delay Remarks
F Hole Hole ms.
SR-31B 70 1.86 0.55 5024 1.0 1.9 .9 1st Radford
! " i 4429 N 1.7 1.0 Prod. Lot
" " ’ 5233 .5 1.0 .5 "
" " 4270 1.0 1. q "
g o 4898 2.3 2.2 = ‘
" i ’ 7850 2.0 2.1 1 "
Average 5284 1.25 1.77 .52 !
PAE29796 70 2.96 1.5 4643 1.2 1.2 0 High
" " ” " 6707 1.3 1.4 1 Moisture
i N " ’ 5854 .8 1.7 .9 Volatiles
g ! ' ’ 7913 22.2¢ 22.4* .2 Lot
" " - i 7262 1.2 1.3 1 "
" " 4773 .9 1.2 .3 "
Average 6192 1.08 1.3C .28 ¢
SR-31B 160 1.86 0.55 3842 .6 1.2 6 1st Radford
" X & 4647 .5 1.2 A Prod. Lot
g g ! 4773 .6 1.7 .9 "
" ” " 4152 9 1.5 .6 %
i - ’ 4002 1.0 1.6 .6 "
Average 4283 N 1.44 14 "
PAE29796 160 2.96 1.5 5349 .6 1.3 7 Righ TV &
" g " ” 6773 .8 1.3 5 TM Lot
” " " ! 7174 2 1.0 .8 "
" " " " 5950 .8 1.3 .5 N
" " " " 6072 9 1.1 .2 "
Average 6264 .66 1.2 .54 "
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Benite
Lot No.
F

SR-%1B -69

” ”

" "

Average

PAE29796 -65

" "

" "

Average

PAE28203 -65

Average

PAE29139 -65

" "

" "

Average
PAE29139 70°

PAE28203 70°

Condition-
ing Temp.

e

TV

1.59

t

™

0.95 No Trace

0.85

0.43

Max. Press.
PSIG

TABLE 3

(CONTINUED)

4180 N
4037 N
4984 11.6
4242 5.4
4270 3.4
4342 8.4
4524 4.9
5864 .5
9043 1.8
7049 2.7
6012 1.3
1375 2.0
6645 2.2
6235 T
7411 .5
7262 1.5
5054 R
6505 .78
7073 .6
6688 .8
6000 5
6587 .6
4702 .9
6337 .5

Ignition Delay, ms.
1st Flash Last Flash

Hole Hole

Excessive Delay

1.7
2.5
12.3
[
24.4
9.42

5.4
1.4
1.9
2.6
i3
2.1
2.45

sl
1.2
2.0
1.2
14

14
1.3
1.2
1.3

Burning
Delay
ms.

1.0
1.8

1.
1.02

.25

o v aa

.

9GO w o

Remarks

1st Radford
Prod. Lot

High TV &
TM Lot

R&D i’ 4.

1st Prod.
Lot P.A.

R&D St’ d.
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TABLE +4

I ABULATION OF MOISTURE ABSORPTION CHARACTERISTICS AND
COST FOR POTASSIUM NITRATE FROM SEVERAL SOURCES

MIL. P- 156
Class lor2 Reagent Grade
(Technical (J. T. Baker
Source or Tvpd Grade) Recrystallized Company)*
I Percent Hyproscopicity 0.73 0.24
No ol Lets Averaged 5 4
2 Sodram Contert [Max. ) 0.199% *»+ 0.02%
Sodrum Contert (Analyzed) 0.16% 0.02%
Cost per pound $.10 $. 50+ $.53

Notes

J. T Baker's Reagent Grade was used by Radford Arsenal as an

alterrate {or recrystallhzation.

This value »s obta'ned from MIL- P-156 in which thc percent as
socium oxide 3¢ spec fied as 0, 25%,.
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Note: 1. The calibration factor for determining time (milliseconds) from the
above traces in 2,5 times the value shown.
2. The discontinuity of the P Vs, T trace location, the point at which the
projectile leaves the muzzle of the gun.
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TABLE 2
COMPARISON OF STABILITY TEST RESULTS FOR VARIOUS BENITE LOTS

Vacuum l
Benite Heat Test (min.) [Stability (40 hrs.)| 110°C Taliani Test Surveillance
Lot _ | _inml. of gas Time Slope Slope

L No. | 134.5 C| 120 C_L 90°C | 100°C |to 100ram. | @ 100mm. | @ 100 min. 80°C| 65°C

I Standard Formulation Benite

PAE 1 1
26467 15 20 - - - - - 160mo+
26203 45 140 1.60  11.0°  Nes Neg. Neg.

29171 35 145 3.49 " N 0.67
29406 35 115 4.91 164 1.83 0.55
29534 35 135 4.54 160 0.52 0.60
RADSR-31B® 40 135  1.87 6.59  Neg. Neg. 0.10
EP-74 35 145 - - = -
EP-9° 60 300 - - ] .

II Mudified Benite using DPA in lieu of EC (Stabilizer) and Ethyl Acetate Solvent in lieu of Ether.
EP-14 50 245 174 273 - - " - S
EP-16B 55 300+ 1.06 Neg. Neg. Neg.

NOTE:

1. The values. shown were obtained from testing the material removed from th~ 80° Surveillance
oven. Wit: the 134.5°C test, explosion resulted in le..: than 300 minutes of continued exposure.
The sample was found to be depleted of Ethyl Centraiiie Stabilizer.

2. The high vacuum stability value was checked, The indicated impaired stability was not con-
firmed by a low stabilizer analysis value (the material analyzed 0.51% Ethyl Centralite).

3. A rerun on vacuum stability gave a value of 5.76 ml. The analysis for Stabilizer gave a value
of 0.427 E.C.

4. Analysis for Stabilizer 0.45% E.C.
5. Analysis for Stabilizer 0.21% E.C.

6. In addition to surveillance tests on this non-standard benite, surveillance testing is underway
on non-standard benite involving lots: EP-3, 4, 5, 8, 10, 12.
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Figure 1, Benite Strands On The Picatinny
Benite Tens'on Drying Rack
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TABLE 2

COMPARISON OF TOXIC AND EXPLOSIVE
PROPERTIES OF SEVERAL SOLVENTS

1 MAC - Maxymum allowable concentration in air for an eight-hour period.
Ethyl Acetate - 400 ppm
Dicthyl Ether - 400 ppm
Acctone -1, 000 ppm
Ethv]l Alcohol -1, 000 ppm

. Flach Point - Temperature at which vapors from aa open or closed cup
f solvent will ignite.

Closed Cup Cpeu Cup
Diethyl Ether -20°F —
Acetone 0°F 15°F
Ethvyl Acetate 24°F 30°F
Ethyl Alcohcl 559F ---
LI Explosive Limits (Percent Volume in Air)

Lower Upper
Diethyl Ether 1. 7 percent 48. 0 percent
Acetone 2.15 percent 13.0 percent
Ethyl Acetate 2. 18 percent 11.5 percent
Ethyl Alcohol 3,28 percent 19.0 percent

1V, Reference

I (above): N1 Sax Dangerous Properties of Industrial Materials

i1 & III (above): Lange. Handbook of Chemistry
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TABLE 4

LABOR REQUIREMENT COMPARISON IN MANHOURS FOR R&D AND
PRODUCTION ENGINEERED PROCESS FOR 50,000 LBS. OF BENITE
STRANDS PER MONTH, 20 DAY, TWO SHIFT PER DAY OPERATION

Operation

Ingredient Preparation
a Grind potass nitrate, 600 lbs.

b Dehy & kreak Nitrocellulose, 500 lbs.

¢. Wergh out mat'‘ls for 250 1b. mixes
Mix
Block
Extrude
Straighten & Pre-dry
Cut to T.ength
Final Air Dry
Pack (26-48 1b cartons)
Total (M, H, per Shift]

Total (M. H. per 100 lbs)

Man Hours Per Shift

R&D Prod. Engr'd
Process Process
16 16
16 16
8 -
56 8
80 8
48 8
16 16
2 26
266 98
2] 28 7.84




TABLE 5

A PROJECTED MILL COST COMPARISON iN DOLLARS PER 100 LBS.
FOR A 50,000 LB PER MONTH BENITE FACILITY SHOWING THE R&D
PROCESS COSY ve, THE PRODUCTION ENGINEERED PROCESS COST

R&D Production
ifern Basis Process Ensineered Process
Material, Raw See Table #i $12,74 $25.90
Material, Packing Actual Cost
incurred at P.A. 38,10 28.10
Lator $2. 50/mb (Cee Table #2) 5% 40 17 60
Supervision &

Clerical 10% of D. L. 8. 32 1.9%
Maintenan e 25% cf D. L. 12,20 4.90
Utilities 10% cf D. L. 5. 32 1.96
Overhead 150% < D. L. 79. 80 29. 40

Total $227.178 $121.82

QO
[]
3



TABLE 6

PROJECTED COST SAVINGS USING SCREW EXTRUDER, SPREADER AND
[.LONG GOODS CUTTER FOR 50, 000 LB, PER MONTH FACILITY

1. incratied Cost of Prototype "l.ong Goods' Equipment
a. Extruder and Spreader ~--e--ccmaacnnanannan $16, 000
b. Long Goods Stick Remover e Cutter.-e-w-wu-u- $11, 250
[astallation (40%) -~~~ oo T I T P $10, 900
Sub Total $38, 150

2. Modiflcation Cost for Use With Explosive Materials

a. Design and Shop--weemoecaua-. e b - 10, 000
‘b, ‘nstrumentation (10%)e-vc e mein e $ 4,000
: Conveying Equipment {15%)---vemmnanmannns $ 6,070
Sub Total $20, 000
$58, 150
Total

3. Manufacturing Savings Anticipated
(from Tabie %4’

a. Cost per 100 lbs with R&D Process -w==sweunwu- $227. 78
b. Cost per 100 lbs with Prod. Engr'd Process-- $121,82
c. Savirgs per 100 Ibs (a-b)-=ev-ceccauaccaan. .a $105.96

4. Amortization Period Based Upon Labor and
Materials Savingse---ecocmcuoom moc i icacaacaaaa $58, 150
$105.96 x 500

=1. 1 mo.

“Required For Remote Operation

Cc-8
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Typical Spaghetti Spreader

Figure 2.

Equipment showing hopper, conveyor and blower-

return for trimmings.
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5. Pertect Flow Pattern Figure (. [low Pattern Of Modified
Benite Through The 51
Way Dic
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Figure 8. Comparison Of Three Modified Formulation
Benite Lots For Straightness After Drying
(Front View)



Figure 9. Straightness Comparison Of Dried
Strands {Front View)
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2 re 13, Comparison Of Thrce Modified Formulation

Benite Lots For Straightness After Drying
‘Tront View)
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Figure 15, Improved Straightness (I ront View)

Results from immediate spreading of benite
colioided v.ith less volatile ethyl acetate solvent
(Lot EP-14) vs. dicthyl cther collhided benite
containing carbon black (Lot EP-15).
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Figure 16. Flowsheet, R&D Process Fo: manufazture Of Benite Strand
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POTASSIUM
NITRATE

PULVERIZED

POTASSICM
NITRATE

1 4

f |
| CHARCOAL

|

[ |
SULPHUR
L —

WATER WET ETHYL ‘ ETHYL .
NITROCFLLULOSE | |ALCOHOL| |ACETATE DIPHENYLAMINE
'DEHYDRATED | L_‘ SOLVENT
NITROCELLULOSE BLEND

BLOCK BREAK
NITROCELLULOSE

el MIX -
=]  INGREDIENTS
SCREW

[ ™ EXTRUDE

‘-él

5]

=

3]

(4

PACK

Figure 17. Flowsheet, Production Engineered Process With Continuous
Fxtrusion And Sprecading Using Modified Benite
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Detonation Test Set-Up



Figure 19, Set-Up For Test 1 Prio:: To Detonation

C-21



Figure 20.

After Detonation

Fragments And Unburned Benite
Wi'h Consolidated Benite, (Test 1.)



Figure 21. Fragments And Unburned Benite After Detonation
With Consolidated Benite, (Test 2.)
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Figure 22. Fragments After Delonation With
Wet Sand, (Test 4.)



Figure 23, Fragments After Detonation With
Benite Crumbs, (Test 3.)
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Figure 24. Fragments And Unburncd Propellant After
Dectonation Of Consolidated M-10 (Test 5,)
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Figurc 25. Fragments And Unburrcd Propellant After
Detonation Of Consolidated M-10 (Test 6.)

C-33



Fgure 20,

Fragments After Detonation Of M-10
Propellant Crumbs (Test 7.)
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